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Pur pose

The purpose of this directive is to transmt the Interim
Final Standard Exposure Factors guidance to be used in the
remedi al investigation and feasibility study process. This
gui dance suEpIenents the Ri sk Assessment Q@uidance for Superfund:
Human Heal th Eval uati on Manual, Part A that was i1ssued
Cctober 13, 1989.

Backar ound

An intra-agency workgroup was formed in March 1990 to
address concerns regardin? I nconsi stenci es anong the exposure
assunptions used in Superfund risk assessnents. Its efforts
resulted in a June 29, 1990, draft document entitled “Standard
Exposure Assunptions". The draft was circulated to both
techni cal and managenent staff across EPA Regional Ofices and
w thin Headquarters. It was al so discussed at two EPA-sponsored
meetings in the Washington, D.C., area. The attached interim
final docunent reflects the comments received as well as the
results of recent literature reviews addressing inhalation rates,
soi|l ingestion rates and exposure frequency estimates.

@ Printed on Recycled Paper



bj ective

~ This guidance has been devel oped to reduce unwarranted
variability in the exposure assunptions used by Regional _
Superfund staff to characterize exposures to human popul ations in
the baseline risk assessnent.

| npl enent ati on

Thi s gui dance supplenents the R sk Assessnent Cui dance for
Superfund (RAGS): Human Health Eval uation Manual, Part A \Were
nunerical values differ fromthose presented in Part A the
;actqgs presented in this guidance supersede those presented in

art A

This guidance is being distributed as an additional interim
final guidance in the RAGS series. As new data becone available
and the results of EPA-sponsored research projects are finalized,
this guidance will be nodified accordingly. W strongly urge
Regional risk assessors to contact the Toxics Integration Branch
of the Ofice of Energency and Renedi al Response (FTS 475-9486)
wi th any suggestions for tfurther inprovement; as we wll begin
updating and consolidating the series of RAGS documents in 1992.

At t achnment

cc: Regional Branch Chiefs
Regi onal Section Chiefs
Regi onal Toxics Integration Coordinators
Vor kgroup Menbers



****NO'I’I(:E****

The policies set out in this docunent are not final Agenc

action, but are intended solely as guidance. They are no
intended, nor can they be relied upon, to create any rights
enforceable by any party in litigation with the United States.
EPA officials may decide to follow the guidance provided in this
docunent, or to act at variance with the gui dance, based on an
anal ysis of site-specific circunmstances. The Agency al so

reserves the right to nodify this guidance at any time wthout
public notice.
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1.0 | NTRODUCTI ON

The Ri sk Assessnent Qui dance for Superfund (RAGS) has been
divided into several parts. Part A of the Human Heal th

Eval uation Manual (HHEM U.S. EPA, 1989a), is the guidance for
preparln% basel ine human health risk assessnents at Superfund
a

sites. rt B, nowin draft form wIll provide guidance on
cal cul ating risk-based clean-up goals. Part C, still in the
early stages of developrment, will address the risks associated

wth various renedial actions.

The processes outlined in these guidance manuals are a positive
step toward achieving national consistency in evaluating site
risks and setting goals for site clean-up. However, the
potential for inconsistency across Regions and anong sites still
remai ns; both in estimting contam nant concentrations in
environnmental nedia and in describing characteristics and

behavi ors of the exposed popul ati ons.

Separate gui dance on cal cul ati ng contam nant concentrations is
currently being devel oped in response to a nunber of inquiries
fromboth inside and outside the Agency. The best nethod for

cal cul ating the reasonabl e maxi num exposure (RVE) concentration
for different media has been subject to a variety of
interpretations and is considered an inportant area where further
gui dance is needed.

Thi s suPpIenentaI gui dance attenpts to reduce unwarranted
variability in the exposure assunptions used to characterize
potentially exposed populations in the baseline risk assessnent.
Thi s guidance builds on the technical concepts discussed in HHEM
Part A and should be used in conjunction with Part A However ,
where exposure factors differ, values presented in this guidance
supersede those presented in HHEM Part A

| nconsi stenci es anbng exposure assunptions can arise from
different sources: 1) where risk assessors use factors derived
fromsite-specific data; 2) where assessors nust use their best
prof essi onal judgenment to choose from a range of factors
published in the open literature; and 3) ere assessors nust
make assunptions (and choose val ues) based on extrenely limted
data. Part A encourages the use of site-specific data so that
ri sks can be eval uated on a case-by-case basis. This

suppl ement al gui dance has been devel oped to encourage a

consi stent approach to assessing exposures when there is a |ack
of site-specific data or consensus on which parameter value to
choose, given a range of possibilities. Accordingly, the
exposure factors presented in this docunent are generally

consi dered nost appropriate and should be used in baseline risk
assessnments unless alternate or site-specific values can be
clearly justified by supporting data.
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Supporting data for many of the parameters presented in this

gui dance can be found in the Exposure Factors Handbook (EFH, U. S.
EPA, 1990). | n cases where paranmeter values are not available in
EFH, this guidance adopts well-quantified or w dely-accepted data
fromthe open literature. Finally, for factors where there is a
great deal of uncertainty, a rationally-derived, conservative
estimate is devel oped and expl ai ned. new data becone

avail able, this guidance wll be nodified to reflect them

These standard factors are intended to be used for calculating
reasonabl e maxi mum exposure (RVE) estimates for each applicable
scenario at a site. eaders are rem nded that the goal of RME is
t o conbi ne upper-bound and m d-range exposure factors in the
followm ng equation so that the result represents an exposure
scenario that is both protective and reasonable; not the worst
possi bl e case:

Intake = C x IR x EF X ED
BW X AT

c = Concentration of the chemcal in each medium
(conservative estimate of the nedia average
contacted over the exposure period)

IR = Intake/ Contact Rate (upper-bound val ue)
EF = Exposure Frequency (upper-bound val ue)
ED = Exposure Duration (upper-bound val ue)
BW = Body Weight (average val ue)

AT = Averaging Tinme (equal to exposure duration for
non- carci nogens and 70 years for carcinogens)

Pl ease note that the Agency is presently evaluating nethods for
cal cul ating conservative exposure estimates, such as RME, in
terns of which paraneters should be upper-bound or m d-range
val ues. If warranted, this guidance wll be nodified
accordingly.

1.1 BACKGROUND

An intra-agency_mnrkgroug was fornmed at the Superfund Health Risk
Assessnent neeting in Al buquerque, New Mexico (February 26 -

March 1, 1990). Its efforts resulted in a June 29, 1990, draft
docunment entitled “Standard Exposure Assunptions”. The draft was
di stributed to Superfund Regional Branch lefs, and menbers of
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other progranms within the Agency, for their review and coment.
It was al so presented and discussed at two EPA/ CERR sponsored
meetings. The meetings, facilitated by Cean Sites, Inc.
brought nenmbers of the “Superfund comunity” and the Agency
together to focus on technical issues in risk assessnent.

A final review draft was distributed on Decenber 5, 1990, which
reflected earlier coments received as well as the results of
nore recent literature reviews addressing inhalation rates, Soil
I ngestion rates and exposure frequency estimtes (these being
areas comented on nost frequently).

1.2 PRESENT AND FUTURE LAND USE CONSI DERATI ONS

The exposure scenarios, presented in this docunent, and their
correspondi ng assunptions have been devel oped within the context
of the following |and use classifications: residential,
commercial/industrial, agricultural or recreational.

Unfortunately, it is not always easy to determne actual |and use
or predict future use: |ocal zoning may not adequately describe

| and use; and unanticipated or even planned rezoning actions can
be difficult to assess. Aso, the definition of these zones can
differ substantially fromregion to region. Thus, for the
purposes of this docunment, the following definitions are used:

Resi denti al

Resi dential exposure scenarios and assunptions should be
used whenever there are or may be occupied residences on or
adjacent to the site. Under this land use, residents are
expected to be in frequent, repeated contact with

contam nated nedi a. he contam nation may be on the site
itself or may have migrated fromit. The assunptions in
this case account for daily exposure over the long term and
generally result in the highest potential exposures and
risk.

Commerci al /I ndustri al

Under this type of land use, workers are exposed to

contam nants within a comercial area or industrial site.
These scenarios apply to those individuals who work on or
near the site. Under this land use, workers are expected to
be routinely exposed to contam nated nedi a. Exposure may be
| ower than that under the residential scenarios, because it
Is generally assuned that exposure is limted to 8 hours a
day for 250 days per year.



Agricultural

These scenari os address exposure to people who live on the
property (i.e., the farmfamly) and agricultural workers.
Assunptions nmade for worker exposures under the
commercial/industrial land use may not be applicable to
agricultural workers due to differences in workday |ength,
seasonal changes in work habits, and whether migrant workers
are enployed in the affected area. Finally, the farm famly

scenario should be evaluated only if it is known that such
famlies reside in the area.

Recr eat i onal

This land use addresses exposure to people who spend a
l[imted amount of time at or near a site while playing,
fishing, hunting, hiking, or engaging in other outdoor
activities. This includes what is often described as the
‘Trespasser” or “site visitor” scenario. Because not all
sites provide the same opportunities, recreational scenarios
nust be devel oped on a site-specific basis. Frequently, the
community surrounding the site can be an excellent source of
information regarding the current and potential recreational
use of a site. The RPMrisk assessor is encouraged to
consult wth local groups to collect this type of

I nf or mat i on.

In the case of trespassers, current exposures are likely to
be higher at inactive sites than at active sites because
there is generally little supervision of abandoned
facilities. At nobst active sites, security patrols and
normal mai ntenance of barriers such as fences tend to limt
(if not entirely prevent) trespassing. \Wen nodeling
potential future exposures in the baseline risk assessnent,
however, existing fences should not be considered a
deterrent to future site access.

Recreational exposure should account for hunting and fishing
seasons where appropriate, but should not disregard |oca
reports of species taken ille%ally. Qther activities should
al so be scaled accordin? to the anount of time they could
actually occur; for children and teenagers, the length of

t he school year can provide a helpful Iimt when evaluating
the frequency and duration of certain outdoor exposures.



2.0

RESI DENTI AL

Scenarios for this |land use should be eval uated whenever there
are homes on or near the site, or when residential developnment is
reasonably expected in the future. In determ ning the potential
for future residential |and use, the RPM shoul d consi der:
historical land use; suitability for residential devel opnment;

| ocal

under this scenario routinely include, but may not

zoning; and |land use trends. Exposure pathmags eval uat ed
elimted to:

i ngestion of potable water; incidental ingestion of soil and

dust :

i nhal ati on of contam nated air; and, where appropriate,

consunption of home grown produce.

2.1 lngestion of Potable Water

This pathway assunes that adult residents consune 2 liters
of water per day, 350 days per year, for 30 years.

The value of 2 liters per day for drinking water is
currently used by the Ofice of Water in setting drinking
wat er st andar ds. It was originally used by the mlitary to
cal cul ate tank truck requirenents. In addition, 2 liters
happens to be quite close to the 90th percentile for
drinking water ingestion (U S. EPA 1990), and is
conparable to the 8 glasses of water per day historically
recommended by health authorities.

The exposure frequency éEF) of 365 days/year for the
residential setting used in RAGS Part A has been argued both
inside and outside of the Agency as being too conservative
for RVE estimates. National travel data were reviewed to
determne if an accurate nunber of “days spent at hone”
coul d be cal cul at ed. Unfortunately, conclusions could not
be drawn fromthe available literature; as it presents data
on the duration of trips taken for pleasure, but not the
frequency of such trips (CECD, 1989; Goel dner and Duea,

1984; National Travel Survey, 1982-89). However, the
Superfund programis commtted to noving away from val ues
that represent the "worst possible case". Thus, until
better data becone available, the comobn assunption that
wor kers take two weeks of vacation per year can be used to
support a value of 15 days per year spent away from hone
(i.e., 350 days/year spent at home).

In terns of exposure duration (ED), the resident is assumed
to live in the same hone for 30 years. In the EFH, this
value is presented as the 90th-percentile for tine spent at
one residence. (Please note that in the intake equation,
averaging tinme (AT) for exposure to non-carcinogenic
conpounds is always equal to ED;, whereas, for carcinogens a
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70 year AT is still used in order to conpare to Agency sl ope
factors typically based on that value).

2.2 Incidental ingestion of Soil and Dust

The conbi ned soil and dust ingestion rates used in this
docunent were presented in OSWER Directive 9850.4 (U S. EPA
1989b), which specifies 200 ng per day for children aged 1
thru 6 (6 years of exposure) and 100 ng per day for others.
These factors account for ingestion of both outdoor soil and
i ndoor dust and are believed to represent upper-bound val ues

for soil and dust ingestion (Calabrese, et al., 1989;
Cal abrese, et al., 1990a,b; Davis, et al., 1990; Van Wj nen,
et al., 1990). Presently, there is no widely accepted

met hod for determning the relative contribution of each
medium (i.e., soil vs. dust) to these daily totals, and the
effect of climatic variations ée.g. snow cover) on these
val ues has yet to be determ ned. Thus, a constant, year

round exposure is assuned (i.e., 350 days/year).

Pl ease note that the equation for calculating a 30-year
residential exposure to soil/dust is divided into two parts.
First, a six-year exposure duration is evaluated for young
children which accounts for the period of highest soil

i ngestion (200 ng/day) and |owest body weight (15 kg).
Second, a 24-year exposure duration is assessed for ol der
children and adults by using a lower soil ingestion rate
(100 ny/day) and an adult body weight (70 kg).

2.3 |nhalation of Contaminated Air

In response to a nunber of comments, the RME inhalation rate
for adults of 30 ni/day (presented in HHEM Part A) was re-
evaluated. Activity-specific inhalation rates were conbi ned
wth time-use/activity level data to derive daiIY I nhal ati on
rate val ues (see Attachnent A). Qur evaluation focused on
the follow ng popul ati on subgroups who woul d be expected to
spend the majority of their tine at hone: housew ves;

service and household workers; retired people; and
uneﬁgloyed workers (U.S. EPA '1985). An inhalation rate of
20 /day was found to represent a reasonable upper-bound
value for adults in these groups. This value was derived by
conbi ning inhalation rates for indoor and outdoor activities
inthe residential setting. This rate would be used in
conjunction with anbient air |evels neasured at or downw nd
of the site. Al though sanpling data are preferred,
procedures described in Hwang and Falco (1986) and

Cowherd, et al. (1985) can be used to estimate volatile and
dust - bound contam nant concentrations, respectively.
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In cases where the residential water supply is contam nated
wth volatiles, the assessor needs to consider the potential
for exposure during household water use (e.g., cooking,

| aundry, bathing and showering). Using the sane time-
use/activity level data described above, a total of

15 ni/day was found to represent a reasonabl e upper-bound
inhal ation rate for daily, indoor, residential activities.
Met hods for nodeling volatilization of contam nants in the
househol d (including the shower) are currently being

devel oped by J.B. Andelman and U.S. EPA' s Exposure
Assessment G oup. Assessors should contact the Superfund
Heal th Ri sk Assessnent Technical Support Center for help
wth site-specific evaluations (FTS-684-7300).

2.4 Consunption of Honme G own Produce

Thi s Bathmay need not be evaluated for all sites. It may
only be relevant for a small nunber of conpounds ée.g., sone
i norgani c and pesticides) and shoul d be eval uated when the
assessor has site-specific information to support this as a
pat hway of concern for the residential setting.

The EFH presents figures for "typical" consunption of fruit
(140 g/day) and vegetables (200 g/day) with the “reasonabl e
wor st case” proportion of produce that is honmegrown as 30
and 40 percent, respectively. This corresponds to val ues of
42 g/ day for consunption of homegrown fruit and 80 g/day for
homegrown vegetables. They are derived fromdata in Pao, et
al . ?1982) and USDA (1980). EFH also provides data on
consunption of specific homegrown fruits and vegetabl es that
may be nore appropriate for site-specific evaluations.

Al t hough sanpling data are much preferred, in their absence
pl ant uptake of certain organic conpounds can be estinmated
using the procedure described in Briggs, et al. (1982). No
particular procedure is reconmended for quantitatively
assessing inorganic uptake at this time; however, the
follow ng table devel oped by Sauerbeck (1988) provides a
qualitative guide for assessing heavy netal uptake into a
nunber of plants:



Pl ant Uptake of Heavy Metals

Hi gh Myderate Low Very Low
lettuce oni on corn beans

spi nach must ar d caul i f1 ower peas
carrot pot at o aspar agus mel on
endi ve radi sh celery t omat oes
cress berries fruit
beet and

beet | eaves

2.5 Subsistence Fishing

This pathway is not expected to be relevant for nost sites.
In order to add subsistence fishing as a pathway of concern
among the residential scenarios, onsite contam nation nust
have inpacted a water bodr | arge enough to produce a

consi stent supply of edible fish, and there nmust be evidence
that area residents regularly fish in this water body (e.g.,
interviews with local anglers). |If these criteria are net,
the 95th-percentile for daily fish consunption (132 g/ day)
fromPao, et al. (1982) should be used to represent the
ingestion rate for subsistence fishernen. This value was
derived froma 3-day study of people who ate fish, other
than canned, dried, or raw. An exanple of this consunption
rate is about four 8-ounce servings per week.

This consunption rate can also be used to eval uate exposures
to non-residents who may al so use the water body for

subsi stence fishing. In this case, the exposure estimate
woul d not be added to estimates calculated for other
residential pathways, but may be included in the risk
assessment as an exposure pathway for a sensitive sub-
popul ati on.

For further information regarding food chain contam nation the
assessor is directed to the follow ng docunents:

0 Met hodol ogy for Assessing Health Risks Associated wth
I ndi rect Exposures to Conbustor Em ssions (PB-90-
187055). Avail able through NTIS.

0 Devel opment of Ri sk Assessnent Methodol ogy for Land
AFpllcatlon and Distribution and Marketing of Minicipa
Sl udge (EPA/600/6-89/001). Available from
OHEA/ Technical Information at FTS 382-7326.

0 Esti mating Exposure to 2,3,7,8-TCDD (EPA/ 600/ 6-
88/ 005A). Avail able from OHEA/ Technical Information at
FTS 382-7326.



3.0 COWMERCI AL/ | NDUSTRI AL

Cccupational scenarios should be eval uated when land use is (or

Is expected to be) commercial/industrial. I n general, these
scenari os address a 70-kg adult who is at work 5 days a week for
50 weeks per year (250 days total). The individual "is assuned to
work 25 years at the sane |ocation (95th-percentile; Bureau of
Labor Statistics, 1990]. This scenario also considers ingestion
of potable water, incidental ingestion of soil and dust, and

i nhal ation of contam nated air.

Pl ease note that under m xed-use zoning (e.g., apartnents above
storefronts), certain pathways described for the residential
setting should al so be eval uated.

3.1 Ingestion of Potable Water

Until data become available for this pathway, it wll be
assuned that half of an individual’s daily water intake

(1 liter out of 2) occurs at work. Al water ingested is
assuned to cone fromthe contam nated drinking water source
(i.e., bottled water is not considered). For site-specific-
cases where workers are known to consume considerably nore
wat er e.%., t hose who work outdoors in hot weather or in
other high-activity/stress environnents), it may be
necessary to adjust this figure.

A lower ingestion rate is used in this pathway so that a
nore reasonabl e exposure estinmate may be made for workers

I ngesting contamnated water. However, 1t Is inportant to
remenber that renedial actions are often based on returning
the contam nated aquifer to maxi mum beneficial use; which
generally means achieving levels suitable for residentia

use.

3.2 Incidental Ingestion of Soil and Dust

In the occupational setting, incidental ingestion of soil
and dust is highly dependent on the type of work being
performed. O fice workers would be expected to contact mnuch
| ess soil and dust than someone engaged in outdoor work such
as construction or |andscaping. Although no studies were

found that specifically measured the amount of soil ingested
by workers in the occupational setting, the one study that
nmeasured adult soil ingestion included subjects that worked

outsi de of the hone (Cal abrese, et al., 1990a). Al though
the study had a limted nunber of subjects (n=6) and did not
associate the findings with any particular activity pattern,
it is the only study that did not rely on nodeling to
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estimate adult soil ingestion. Thus, the Cal abrese, et al.
1990a) estimate of 50 ng/day is selected as an interim
efault for adult ingestion of soil and dust in the

"typical” workplace. Please be aware that this val ue may

change when the results of ongoing soil ingestion studies
sponsored by EPA's Exposure Assessnent Goup are finalized
in 1991.

Attachnment B presents nodeled rates for adult soil ingestion

that should be used to estinmate exposures for certain
wor kpl ace activities where nmuch greater soil contact is
anticipated, but with limted exposure frequency and/or
duration.

33 hal at | : : | A

As in the previous discussion regarding inhalation rates

for the residential setting, specific tine-use/activity

| evel data were used to estimate inhalation rates for
various occupational activities. The results indicate that
20 miper 8-hour workday represents a reasonabl e upper-
bound inhalation rate for the occupational setting (see
Attachment A). Although analytical data are nuch preferred,
procedures described in Hwang and Fal co $1986) and Cowherd,
et al. (1985) can be used to estimate volatile and dust-
bound contam nant concentrations, respectively.

4.0 AGRI CULTURAL

These |and use scenarios include potential exposures for farm
famlies living and working on the site, as well as, individuals
who may only be enployed as farm workers.

4.1 Farm Fanmily Scenario

This scenario should be evaluated only if it is known_or
suspected that there are farmfanilies in the area. The

ani mal products pathway should not be used for areas zoned
residential, because such re ulationsn%enerally prohi bit the
keeping of livestock. Farmfamly nempers are assunmed to
have nost of the same characteristics as people in the
residential setting; the only difference 1s that_consunption
of homegrown produce will always be eval uated. Thus,

default values for the soil ingestion, drinking water, and

i nhal ation pat hways woul d be the same as those in the
residential setting.
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Addi ti onal

4, 1.1 Consunption of Honmegrown Produce

The values used in evaluating this pathway are the sane
as those presented in Section 2.4. Wile it is nore
likely for farmfamlies to cultivate fruits and
vegetables, it is not necessarily true that they woul d
be able to grow a sufficient variety to neet all their
dietary needs and tastes. Thus, the consunption rate
default values will be 42 g/day and 80 g/day for fruits
and veget abl es, respectively. Again, EFH presents
consunption rates for specific homegrown fruits and
veget abl es. The assessor is rem nded that the plant
upt ake pathway is not relevant for all contam nants and
sanmpling of fruits and vegetables is highly

recommended. However, 1in the absence of anal ytical
data, plant uptake of organic chem cals can be
estimated using the procedure described in Briggs, et
al. (1982). No particular procedure is reconmended for
quantitatively assessing inorganic uptake at this tinmne;
however, the table (presented in Section 2.4) devel oped
by Sauerbeck (1988) provides a qualitative guide for
assessing heavy netal uptake into a nunber of plants.

4.1.2 Consunption of Aninal Products

Ani mal products should only be addressed if it is known
that |ocal residents produce them for honme consunption
or are expected to do so in the future. The best way
to determne which itens are produced is by interviews
or consultation with the local County Extension Service
whi ch usually has data on the type and quantity of

| ocal farm products.

EFH provi des average ingestion rates for beef and dairy
products and assunes that the farm fam |y produces

75 percent of what it consunes from these categories.
This corresponds to a “reasonable worst case”
consunption rate of 75 g/day for beef and 300 g/day for
dairy products. Although sanpling data are nuch
preferred, in their absence the procedure described in
Travis and Arns (1988) may be used to estimate organic
contam nant concentrations in beef and nmilk. This
procedure does not provide transfer coefficients for
poul try and eggs. hus, the latter two pathways can be
evaluated only if site-specific concentrations for

poul try and eggs are available, or if transfer
coefficients can be obtained fromthe literature.

references addressing potential exposures from

contam nated foods are listed in Section 2.0.
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4.2 Farm Wrker

Many farmactivities, such as plowing and harrow ng, can
generate a great deal of dust. The risk assessor should
consi der the effects of observed (or expected) agricultural
practices when using the fugitive dust nodel suggested under
the residential scenario. Note that soil ingestion rate may
be simlar to the outdoor yardwork scenario discussed in
Attachment B, although it will be necessary to nodify the
exposure frequency and duration to account for climte and

| ength of enPonnent. The local County Extension Service
shoul d be able to provide information on agricultural
practices around a site. In addition, the Biological and
Econom ¢ Analysis Division in the Ofice of Pesticide
Progranms maintains a database of the usual planting and
harvesting dates for a nunber of crops in nost U S states.
This information may be very helpful for estimating times of
peak exposure for farm workers, and, if needed, can be

obtai ned through the Superfund Health Ri sk Assessnent

Techni cal Support Center (FTS 684-7300).

5.0 RECREATI ONAL

As stated previously, sites present different opportunities for
recreational activities. The RPM or risk assessor is encouraged
to consult with the local community to determ ne whether there is
or could be recreational use of the property along with the

l'i kely frequency and duration of any activities.

5.1 Consunption of lLocally Caught Fish

This pathway should be evaluated when there is access to a
contam nated water body |arge enough to produce a consistent
supply of edible-sized fish over the anticipated exposure
period. Although the local authorities should know if the
wat er body is used for fishing, illegal access (trespassing)
and deliberate disregard of fishing bans should not
necessarily be ruled out; the risk assessor should check for
evidence of these activities. |If required, the scenario can
be nodified to account for fishing season, type of edible
fish avail able, consunption habits, etc.

For recreational fishing, the average consunption rate_ of
54 g/day from Pao, et al. (1982) is used. This value is
derived from a 3-day study of people who ate finfish, other
than canned, dried or raw.  An exanple of this consunption
rate i s about two 8-ounce servings per week. Other values
presented in EFH, for consunption of recreationally caught
fish, are fromlimted studies of fishermen on the west
coast and may not be applicable to catches in other areas.

12



When evaluating this pathway please consider the possibility
of subsistence fishing. Unli ke the residential scenario,
exposure estimates from this pathway woul d not necessarily
be added to any ot her exPosure estimtes (see Section 2.5).

I nstead, it would be included as an estinmate of exposure for
a sensitive sub-popul ation

v it | : | :

A nunber of commentors requested standard default values for
the follow ng recreational scenarios: hunting, dirtbiking,
swimmng and wading. One approach to address exposure
during swnmming and wading is presented in HHEM Part A The
Agency is currently involved in research projects designed
to estimate dermal uptake of contam nants from soil, water
and sedinment. Results of these studies will be used to
update the swinmm ng and wadi ng scenarios as well as other
scenarios that rely on estimates of dernmal absorption.
Unfortunately, lack of data and problens in estinmating
exposure frequencies and durations based on regional
variations in climte have precluded the standardization of
other recreational scenarios at this tine. Additional
guidance wi ||l be devel oped as data becone avail abl e.

13



6.0 SUMVARY

Thi's suppl enment al ?uidance has been devel oped to provide a
standard set of default values for use_in exposure assessnents
when site-specific data are |acking. These standard factors are
intended to be used for calculating reasonabl e maxi num exposure
(RVE) levels for each applicable |land use scenario at a site.

Supporting data for many of the assunptions can be found in the
Exposure Factors Handbook (EFH, U.S. EPA, 1990). Wen supporting
informati on was not available in EFH, well-quantified or w dely-
accepted data fromthe open literature were adopted. Finally,

for factors where there is a great deal of uncertainty, a
rationally conservative estimte was devel oped and expl ai ned.

As new data become available, either for the factors themselves
or for calculating RVE, this guidance will be nodified
accordingly.

The follow ng table sumrarizes the exposure pathways that will be
evaluated on a routine basis for each |and use, and the current
default values for each exposure paraneter in the standard intake
equation presented below (refer to HHEM Part A U S. EPA, 1989a
for a nore detailed discussion of each exposure paraneter):

Intake = Cx 1 RXEFXED
BW x AT

¢ = Concentration of the chemcal in each nedi um

IR = Intake/ Contact Rate
EF = Exposure Frequency
ED = Exposure Duration

BW = Body Wi ght
AT

Averaging Time

14



Land Use
Resi denti a

Conmmer ci al /
I ndustri al

Agricul tura

Recr eati ona

Exposure Pat hway (2)

| ngestion of
Potabl e Water

| ngesti on_of
Sa’l and Dust

| nhal ati on of
Cont am nant s

| ngestion of
Pof abl e Water

| ngesti on of
Soi'l and Dust

[ nhal ati on of
Cont am nant s
| ngestion of
Pof'abl e Water

| ngestion of
Soil and Dust

[ nhal ati on of
Cont am nant s

Consunpti on of

PPURA ¥

Consunpti on of

Local | Caught
Fi sh y g

Dai | y
| nt ake Rat e

2 liters

200 child
100 g Eadultg

20 cum (total)
15 cum ndoor)

1liter

50 ng

20 cuni wor kday

2 liters

200 child
100 ﬁ% %adultg

20 cum (total)
15 cum (i ndoor)

42 fruit
80 8 éveg.))

Exposur e
Frequency

350
350

350

250

250

250

350

350

350

350

days/ year
days/ year

days/ year

days/ year
days/ year

days/year

days/ year
days/ year

days/ year

days/ year

days/ year

25

25

25

30

24
30

30

SUMVARY OF STANDARD DEFAULT EXPOSURE FACTORS (1)

years

years

years

years

years
years

years

years

Body Weéi ght

15
70

70
70

70

70
kg

70

70

kg
kg

kg

(1) - Factors presented are those that shoul d generally be used to assess
exposures associated with a designated |and use
from these val ues; use of alternate values should
in the risk assessment report.

2) - Listed path S not be relevant for all sites and, other

(2 may heed to be evaluated due to site conditions. Addi tiona

values are provided in the text of this guidance
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ATTACHVENT A

ACTIVI TY SPECI FI C | NHALATI ON RATES

Backar ound

The standard default value of 20 ni/day has been used by EPA to
represent an average daily inhalation rate for adults. According
to EFH, this value was devel oped by the International Conm ssion
on Radiologic Protection (ICRP) to represent a daily inhalation
rate for “reference man” engaged in 16 hours of “light activity”
and 8 hours of “rest”. EPA (1985) reported on a simlar study
that indicated the average inhalation rate or a man engaged iIn
the same activities would be closer to 13 m/day. EFH in turn
reiterated the findings of |CRP and EPA (1985) then calculated a
“reasonabl e worst case” inhalation rate of 30 ni/day. This
reasonabl e worst case value was used in Part A of the Human

Heal th Eval uati on Manual as the RME inhalation rate for
residential exposures.

Commentors from both inside and outside the Agency expressed
concerns that this value nmay be too conservative. Many al so
added their concern that exposure values calculated using this
inhal ation rate would not be conparable to reference doses (RfD)
and cancer potency factors (qgl*) values based on an inhalation
rate of 20 ni/ day. Thus, the Toxics Integration Branch of
Superfund (TIB) conducted a review of the literature to determ ne
the validity of using 30 mi/day as the RMVE inhalation rate for
adul ts. Menbers of EPA' s Environmental Criteria Assessnent

O fice-Research Triangle Park (A Jarabek, 9/20/90) and the

Sci ence Advisory Board (10/26/90) have suggested that inhalation
rates could be calculated using time-use/activity |evel data
reported in the “Devel opnent of Statistical Distributions or
Ranges of Standard Factors Used in Exposure Assessnents” (COHEA
U.S. EPA, 1985). Thus, TIB used this data to calculate an RME
inhalation rate for both the residential and occupational
settings, as follows.

Met hodol ogy

0 The tine-use/activity |level data reported bg CHEA
(1985) were analyzed for each occupation subgroup;

0 The data were divided into hours spent at honme vs.
hours spent at the workplace (lunch hours spent outside
of work and hours spent in transit were excluded);

0 The hourly data were subdivided into hours spent
i ndoors vs. outdoors (to allow for estimating exposures
to volatile contam nants during indoor use of potable
wat er) ;



0 The corresEonding activity level was assigned to each
hour and the total nunber of hours spent at each
activity level was calculated;

0 For tine spent inside the hone, 8 hours per day were
assuned to be spent at rest; and

0 The total number of hours spent at each activity |evel
was nmultiplied by average inhalation rates reported in
the EFH. Note: average values were used since only
m ni rum maxi rum and average val ues were reported. The
use of maxi mum val ues woul d have to be consi dered
“worst case". Values for average adults were applied
to all but the housewi fe data (where average rates for
womren were applied).

The results showed that the hi?hest weekly inhalation rate was
18.3 ni/day for the residential setting and 18 ni/day for the

wor kpl ace.  These val ues represent the highest anong the weekly
averages and were derived from coupling “worst case” activit
patterns with “average” adult inhalation rates. |t was concl uded
fromthese data that 30 ni/day may in fact be too conservative
and that 20 ni/day woul d be nore representative of a reasonably
conservative inhalation rate for total (i.e., indoor plus

out door) exposures at honme and in the workpl ace.

RAGS Part B will specifically nodel exposure to volatile organics
via indoor use of potable water. Using the nethod describe
previously, it was determined that 15 ni/day would represent a
reasonably conservative inhalation rate for indoor residential
exposures.



ATTACHVENT B

ESTI MATI NG ADULT SO L | NGESTI ON
N THE COMMVERCI AL/ | NDUSTRI AL SETTI NG

Mbst of the available soil ingestion studies focus on children in
the residential setting; however, two studies were found that
address adult soil ingestion that also have application to the

connfrciallindustrial setting (Haw ey, 1985; Cal abrese, et al.,
1990).

Hawl ey (1985) used a nunber of assunptions for contact rates and
body surface area to estimate the amount of soil and dust adults
may ingest during a variety of residential activities. For

i ndoor exposures, Hawl ey estinmated |evels based on contact with
soil/dust in two different household areas, as foll ows:

0.5 ng/day for daily exposure in the “living space”; and 110

ng/ day for cleaning dusty areas such as attics or basenents. For
out door exposures, Haw ey estimated a soil ingestion rate during
yardwork of 480 ng/day. The assunptions used to nodel exposures
In the residential setting may also be applied to simlar
situations in the workplace. The anpunt of soil and dust adults
contact in their houses may be simlar to the anmount an office or
i ndoor mai ntenance worker would be expected to contact.

Li kew se, the anpunt of soil contacted by soneone engaged in
construction or |andscaping may be nore anal ogous to a resident
doi ng out door yardworKk.

Cal abrese, et al. (1990) conducted a pilot study that measured
adult soil ingestion at 50 ng/day. Although the study has
several drawbacks (e.g., a limted nunber of participants and no
information on the participants daily work activities), it

i ncl uded subjects that worked outside the hone. It is also
interesting to note that this neasured value falls within the
range Hawl ey (1985) estimated for adult soil ingestion during

I ndoor activities.

From these studies, 50 ng/day was chosen as the standard default
value for adult soil ingestion in the workplace. It was chosen
primarily because it is a measured value but also because it
falls wthin the range of nodel ed values representing two wdely
different indoor exposure scenarios. The 50 ng/day value is to
be used in conjunction with an exposure frequency of 250
days/year and an exposure duration of 25 years. For certain
outdoor activities 1n the commercial/industrial setting (e.qg.
construction or |andscaping), a soil ingestion rate of 480 ng/day
may be used; however, this type of work is usually short-term and
is often dictated by the weather. Thus, exposure frequency woul d
generally be less than one year and exposure duration would vary
according to site-specific construction/ maintenance plans.



0 The corre5ﬁonding activity-level was assigned to each
hour and the total nunber of hours spent at each
activity level was cal cul ated;

0 For tinme spent inside the home, 8 hours per day were
assuned to be spent at rest; and

0 The total number of hours spent at each activity |evel
was nmultiplied by average inhalation rates reported in
the EFH. Note: average values were used since only
m ni num maxi num and average val ues were reported. The
use of maxi mum val ues woul d have to be consi dered

worst case”. Values for average adults were applied
to all but the housewife data (where average rates for
wonen were applied).

The results showed that the highest weekly inhalation rate was
18.3 ni/day for the residential setting and 18 mi/day for the

wor kpl ace.  These val ues represent the highest anmong the weekly
averages and were derived from coupling “worst case” activit
patterns with “average" adult inhalation rates. It was concluded
fromthese data that 30 mi/day may in fact be too conservative
and that 20 ni/day woul d be nore representative of a reasonably
conservative inhalation rate for total (i.e., indoor plus

out door) exposures at honme and in the workpl ace.

RAGS Part B will specifically nodel exposure to voIatiIe_organics
via indoor use of potable water. Using the nethod describe

previously, it was determned that 15 ni/day would represent a

reasonably conservative inhalation rate for indoor residential
exposures.
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